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WIRELESS PROBE SYSTEM FOR USE WITH 
A STEREOTACTIC SURGICAL DEVICE 

Description 

BACKGROUND OF THE INVENTION 

Technical Field 

The present invention relates generally to computer assisted image 
guided medical and surgical navigation systems that generate images during 
medical and surgical procedures indicating the relative position of various 
body parts, surgical implants, and instruments. In particular, the present 
invention relates to a system of determining the position of a wireless 
reference probe or arc using a sequenced lighting pattern to synchronize 
lights on the probe and reference arc or frame to determine a position of 
each. 

Background Art 

Computer assisted image guided medical and surgical navigation 
systems are known and used to generate images in order to guide a doctor 
during a surgical procedure. Such systems are disclosed, for example, in 
U.S. Patent No. 5,383,454 to Bucholz : PCT Application No. PCT/US94/04530 
(Publication No. WO 94/24933) to Bucholz : and PCT Application No. 
PCT/US95/12984 (Publication No. WO 96/1 1624) to Bucholz etaL 
incorporated herein by reference. 

In general, these image guided systems use images of a body part, 
such as CT scans, taken before surgery to generate images on a display, 
such as a CRT monitor screen, during surgery for representing the position of 
a surgical instrument with respect to the body part. The systems typically 
include tracking devices such as, for example, an LED array mounted on a 
surgical instrument as well as a body part, a digitizer or a camera device to 
track in real time the position of the LED arrays and thus the body part and 
the instrument used during surgery, and a monitor screen to display images 
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representing the body part and the position of the instrument relative to the 
body part as the surgical procedure is performed. 

Current stereotactic surgical systems such as that described in the 
United States Patent 5,383,454 and PCT Application No. PCT/US95/12984, 
disclose a system tracking a probe as well as a body part during surgery. As 
described therein, a reference arc or frame is positioned in fixed relation to 
the head of a patient. Both the probe and the reference arc include emitters 
which are detected and used by a processing system to determine the 
position of the probe and arc in three dimensional space. In these prior art 
systems, both the reference arc and the probe must receive external signals, 
typically through a wire or cable or other suitable connection, for activating the 
emitters. The surgeon typically initiates these external signals by, for 
example, depressing a button on a foot switch. The button may be connected 
to a processor that sends a signal to the probe emitters directing them to emit 
radiation. The processor must also direct the emitters on the reference arc to 
light. One problem with this prior art system is that the wires that connect the 
probe to the processor can interfere with the surgeon's work. In addition, the 
surgeon must take the time to press the foot pedal; otherwise, he may not 
receive constant updates on the probe position without repeatedly hitting the 
floor pedal. 

Disclosure of the Invention 

Systems and methods consistent with the present invention include a 
device to determine a position of a probe with respect to an object, such as, 
for example, a cranium or spinal vertebrae. A reference arc has a first set of 
emitters positioned on it and is fixedly positioned on the object. A probe has 
a second set of emitters positioned on it and is positioned by a surgeon near 
the object. An activating circuit in the probe causes each of the second set of 
emitters to turn on and off in a predetermined sequence to produce a first 
ordered pattern of light. A detector which is part of a digitizer, is positioned to 
detect radiation from the first and second set of emitters. A processor 
includes instructions for recognizing the ordered pattern output by the second 
set of emitters based on the radiation detected by the detector and for 
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instructing the first set of emitters to turn on and off in a second ordered 
pattern that limits overlap with the first ordered pattern, whereby a position of 
both the reference arc and the probe may be determined by the processor 
based on detected radiation. 

In an alternate embodiment the reference arc includes an activating 
circuit for lighting the first set of emitters in a pattern. 

In an alternate embodiment the probe includes an activating circuit that 
lights emitters on the probe at a different rate than an activating circuit in the 
reference arc lights emitters on the arc. A processor includes instructions for 
recognizing the differing ordered pattern outputs of the set of emitters on the 
arc and probe, whereby a position of both the reference arc and the probe 
may be determined based on detected radiation. 

A method is also provided for indicating a position of a surgical 
instrument comprising the steps of positioning a reference arc near a patient 
and emitting radiation using a first set of emitters positioned on the reference 
arc. Radiation is emitted from a second set of emitters positioned on a 
second structure in an ordered pattern. Detectors detect radiation from the 
first and second set of emitters. The ordered pattern is recognized by a 
processor based on detected radiation. The processor activates the first set 
of emitters during times when the second set of emitters is inactive, whereby 
a position of the reference arc and surgical instrument may be determined 
based on detected radiation. 

It is to be understood that both the foregoing general description and 
the following detailed description are exemplary and explanatory and are not 
restrictive of the invention as claimed. 

Brief Description of the Drawings 

The accompanying drawings, which are incorporated in and constitute 
a part of this specification, illustrate embodiments of the invention and, 
together with the description, serve to explain the objects, advantages and 
principles of the invention. In the drawings, 

Fig. 1 is a schematic front view of a computer assisted image guided 
surgery system used with a wireless probe according to the present invention; 
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Fig. 2 shows a control circuit that is positioned in the probe shown in 
Fig. 1 according to the present invention; 

Fig. 3 shows a timing diagram of the pattern of activation of the LEDs 
on the probe using the control circuit of Fig. 2 and includes the timing of 
activation of the LEDs on a reference arc activated by the system shown in 
Fig. 2 and the detection frames and localization frames of the processor; 

Fig. 4 shows a flow chart of the steps for initializing the system of the 
present invention and determining the position of the probe and reference 
arc; 

Fig. 5 shows a timing diagram of the emission of light from the 
reference arc and the probe according to one embodiment of the present 
invention; and 

Fig. 6 shows a timing diagram of the emission of light from the 
reference arc and the probe according to one embodiment of the present 
invention. 

Best Mode for Carrying Out the Invention 

Reference will now be made in detail to the present preferred 
embodiments of the invention, examples of which are illustrated in the 
accompanying drawings. Wherever possible, the same reference numbers 
are used in the drawings and the description to refer to the same or like parts. 

The medical instrument of the present invention is shown generally as 
part of the system 1 1 in Fig. 1 An instrument such as probe 100 can be used 
in known computer assisted image guided surgical navigation systems such 
as the system 11 shown in Fig. 1 and disclosed in PCT Application No. 
PCT/US95/12984 (Publication No. WO 96/1 1624) to Bucholz et al. A 
computer assisted image guided surgery system 1 1 generates an image for 
display on a CRT monitor 106 representing the real time position of a body 
part such as a cranium, represented generally by circle 119, having reference 
points 1 1 8 and the position of probe 100 relative to the body part 119. 

An image may be generated on monitor 106 from an image data set 
stored in a controller, such as computer 108, usually generated preoperatively 
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by some scanning technique such as, for example, by a CT scanner or by 
magnetic resonance imaging (MRI). The image data set and the image 
generated have reference points for at least one body part. The reference 
points for the particular body part have a fixed spatial relation to the particular 
body part. 

System 1 1 also generally includes a processor for processing image 
data, shown as computer 108, and displays this processed data on monitor 
1 06. Digitizer control unit 1 14 is under control of computer 1 08. Digitizer 
1 14, in conjunction with a reference frame or arc 120 and a sensor array 110 
or other known position sensing unit, tracks the real time position of a body 
part, such as a cranium shown at 119 clamped in reference arc 120, and a 
probe 100. Reference arc 120 has emitters 122 (such as LEDs A1 , A2, A3, 
A4, and A5) or other tracking means that generate signals representing the 
position of the various body reference points. Reference arc 120 is fixed 
spatially in relation to a body part by a clamp assembly indicated generally at 
124, 125, and 126, so that arc 120 moves as the body part is moved during 
surgery. Probe 100 also has a tracking device shown as an emitter array set 
40 (such as LEDs 366, 368, 369) which generates signals representing the 
position of the probe during the procedure. 

Sensor array 110, mounted on support 1 12, receives and in 
conjunction with digitizer 114 and computer 108, triangulates the signals 
generated by emitters 122 and emitter array set 40 in order to identify during 
the procedure the relative position of the reference points on arc 120 and the 
probe 100. Digitizer 1 14 and computer 108 may then modify the image data 
set according to the identified relative position of each of the reference points 
during the procedure. Computer 108 may then generate an image data set 
for display on monitor 106 representing the position of the body part and the 
probe on the appropriate CT or MRI scan slice during the operation. The 
general structure and operation of an image guided surgery system is well 
known in the art and need not be discussed further here. 

In order to initiate the emitters on a reference arc and probe some prior 
art systems required the surgeon to take a positive action such as pressing a 
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foot switch connected to a digitizer 114 attached by a cable to a probe 100. 
However, this unduly burdened the surgeon and might not provide for 
continual and easy updates on the position of the probe. The present 
invention does not require any action on the part of the surgeon to activate 
emitters on the reference arc and eliminates the need for the surgeon to 
attach a cable to the probe 100 to activate the emitters. 

Fig. 1 shows the probe 100 having a body 41 and an emitter set 40. 
Probe 100 may be any one of a plurality of types of surgical instruments such 
as a surgical coagulating forceps, a bipolar coagulating forceps, drill, suction 
tube, bayonet cauterizing device, catheter guide, drill guide, or any other 
surgical instrument modified as discussed with respect to Figs. 2-4. Probe 
100 can be wireless and has a battery 361 for power and internal circuitry 
shown in Fig. 2 for controlling the light emitter set 40. In one embodiment a 
switch may be on the probe to activate and disable the emitter set 40. 

The probe 100 includes within body 41 a control circuit 362 for 
controlling the emission of light from emitter set 40. Figure 2 shows the 
control circuit 362 hardware that includes a microprocessor 364 shown as the 
Motorola 68HC705J2CS. Any suitable microprocessor or pattern generator 
circuit known in the art may be used. Control circuit 362 drives the light 
emitter set 40 which includes at least two light emitters, but as shown 
includes three LEDs 366, 368, and 369, all suitably positioned on the probe 
1 00 for monitoring by sensor array 1 1 0. PAO output 1 8 drives the first LED 
366, PA1 output 17 drives the second LED 368, and PA2 output 16 drives the 
third LED 369. If additional emitters are desired, then other outputs such as 
11-15 may act as drivers. The clock timer signal generated by the 4 
megahertz crystal of clock 370 is input to OSC1 and OSC2. 

Further with respect to Fig. 2 , the microprocessor 364 includes routine 
software and hardware for controlling the emitters on the probe 100 to 
generate signals to drive the emitter set 40. The present invention activates 
the emitters on the probe 100 in a predetermined ordered pattern such as 
that indicated generally at 400 in Fig. 3. The probe of the present invention 
behaves independently of the digitizer 114 in that probe 100 is not connected 
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or controlled by the digitizer 1 14. The probe 100 includes the internal circuitry 
described above for activating the emitters on the probe 100 in a 
predetermined order at predetermined times. This order and timing of 
activating the emitters is referred to as an ordered pattern, One example of 
the pattern is illustrated in Fig. 3. Other patterns in addition to that of Fig. 3, 
such as any cyclical pattern with a sufficient period for detection by digitizer 
1 14, may also be used as long as both the digitizer 1 14 and/or the computer 
108 are programmed so the digitizer 1 14 can recognize the same 
predetermined pattern produced by probe 100. The computer 108 has a 
memory which is programmed beforehand to store the predefined pattern 400 
and this pattern 400 can be programmed into the digitizer 114 during 
initialization; therefore the digitizer 114 can recognize the pattern 400 when 
output by the probe 100. 

Preferably the emission of radiation from one LED does not overlap 
with that of another LED. There may be empty time between emitter 
transitions. Preferably there is an empty time cycle between transitioning 
from the probe to the arc to account for errors in the synchronization. In 
addition in a preferred embodiment the geometry of the emitters based on 
detected radiation may be determined to verify that the detected structure is 
the appropriate shape for the probe or arc. This best fit geometry check can 
be performed to verify correct synchronization throughout the localization 
process. 

The timing diagram of Fig. 3 is divided into time slots, with each time 
slot generally corresponding to a LED activation period shown as 1-20 on the 
bottom of the drawing. All the time slots do not necessarily have to be equal; 
but in a preferred embodiment, each time slot is about 30 milliseconds. 

With reference to Fig. 3, control circuit 362 activates (turns on lights) 
first emitter LED 366 for the first time slot S1 of the pattern 400. Then control 
circuit 362 activates LED 368 for the second time slot S2. Next, a third LED 
369 is activated for a third time slot S3. The emitters are on for the entire 
time slot and preferably the emitters are activated sequentially such that the 
end of the first time slot corresponds to the start of the second time slot. 
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Preferably the periods of activation do not overlap and there may be time 
gaps between the periods of activation. Changes to these parameters merely 
change the pattern 400. A correspondingly similar pattern 400 must be 
stored in both probe 100 and also the computer 108 to enable the digitizer 
114 to recognize the pattern. 

After the sequential lighting of the LED set 40, the clock 370 input to 
microprocessor 364 counts seven time slots (slots S4-S10) represented as 
T1-T7 in Fig. 3 during which the probe 100 does not activate any of the 
emitters. Microprocessor 364 does not directly control emitters 122 on the 
reference arc 120; instead, in this embodiment, the computer 108 controls 
emitter set 122, which includes emitters A1-A5. The timing diagram shows 
the emission of radiation from emitters A1-A5, which can begin - as described 
in further detail below - after the probe pattern is recognized and 
synchronization has occurred. The overall pattern 400 generated by the 
probe 100 alone includes sequencing through ten equal time slots - three of 
which include a single LED being lit and the other seven of which include no 
action. During the period of no action by the probe, the computer 108 will 
activate emitters A1-A5 on the reference arc 120. Once the probe completes 
its pattern 400, the pattern 400 is restarted at the beginning with LED 366 by 
the microprocessor. 

Referring to Fig. 4, a flow chart is provided further showing the steps of 
the present invention. The microprocessor 364 of probe 100 activates LEDs 
366, 368, and 369 and executes the pattern 400 in Fig. 3 (step 500) 
independently of any other parts of the system shown in Fig. 1 . While the 
pattern 400 is being executed, the sensor array 1 10 detects light output by 
LEDs 366, 368, and 369 on the probe 100. During this initializing period, the 
emitter set 122 on the reference arc 120 are not activated by the computer 
108. The probe 100 executes the pattern of emission 400 for LEDs 366, 368, 
and 369 as shown in Fig. 3. Sensor array 1 10 is constantly detecting 
received light (step 510). 

After a suitable initialization period, the digitizer 1 14 samples the 
received light in units called detection frames to recognize the probe's 100 
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pattern 400. As illustrated in Fig. 3, detection frames 1 15 are each at a 
fraction of the probe's 100 emitter activation time (oversampling), that is the 
time each emitter is on, so that the digitizer 100 can determine when the 
probe 100 emitters are on and off. The detection frames sampling rate must 
be at least two times the individual emitter rate (nyquist criteria), but it is 
preferable to use a faster sampling rate such as four times the emitter lighting 
rate. The more samples that are taken in a given time period the greater the 
precision of determining when the emitters are on or off. In this example of 
Fig. 3, it can be seen that for this example there are about four frames per 
time slot. Based on knowing detection frames where light is detected and 
times that no light is detected above a threshold, the digitizer 1 14 recognizes 
the pattern 400 (step 520). 

The digitizer 1 14 has an internal clock timer that preferably runs at the 
same frequency (or integral multiples thereof) as the clock timer 370 of the 
probe. Based on the recognized pattern 400, the digitizer 114 synchronizes 
the pulse rate of the emitters 122 on the reference arc 120 to that of the 
emitters 40 on the probe 100 (step 530). Synchronization of signals is well 
known in the art and need not be discussed further. Once pulse rates are 
synchronized, the digitizer 1 14 knows the times at which the light emitter set 
40 on the probe 100 will light and defines localization frames 1 16 for the 
times at which the LEDs on the probe light (step 540). The digitizer 1 14 can 
then direct the emitters 122 on the reference arc 120 to sequentially light, A1- 
A5, at times when the LEDs on the probe are not lit (step 550). The digitizer 
114 samples the sensor array 1 10 at times when emitters are expected to be 
on shown as probe localization frames 116 and can also sample for arc 
localization frames 117 (step 560). The position of the reference arc 120 and 
the probe 100 may now be calculated as is known in the art (step 570). 

If the probe signal is lost for a significant time, such as for example 
when the surgeon may remove the probe from the digitizer 114 lines of sight, 
the digitizer 1 14 will assume the probe is off. The digitizer 1 14 will then 
attempt to resynchronize using detection frames until the pattern 400 of the 
probe 100 is recognized. The probe signal could be lost if it were blocked or 
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the clock signal were out of phase. Once resynchronized, the digitizer 1 14 
resumes processing as discussed above. 

In another embodiment of the present invention, the circuit shown in 
Fig. 2 can be included in the reference arc 120 instead of the probe 100 so 
that the reference arc can be wireless and independently perform the pattern 
400 of Fig. 3. In this case, computer 108 does not activate the emitters on 
the reference arc but must synchronize and recognize the reference pattern 
400 in the same manner discussed above with respect to the probe. In this 
embodiment, it is the probe instead of the arc that may be wired and 
controlled by the digitizer 114. 

In yet another embodiment of the present invention, the circuit shown 
in Fig. 1 can be included in both the probe 100 and reference arc 120. 
Therefore, both devices can be wireless and independently perform different 
patterns that can be recognized by the digitizer 1 14. In this case one of the 
device will have a pattern that is half the period of the other or differing 
patterns that can be recognized. The digitizer 1 14 will distinguish between 
lights on the arc and the probe by using a known geometry of the probe and 
the arc to determine which detected lights belong to which element. The 
pattern and detection of the same are repeated allowing for enough data 
points of lights to be detected to determine a geometry of the detected lights. 
Once synchronized, the digitizer 1 14, as discussed for the previous 
embodiment, can know the times at which lights are to be expected to be lit 
from both the probe and the arc. Figs. 5 and 6 show example timing 
diagrams corresponding to this embodiment. As shown in Figs. 5 and 6 the 
probe is localized during periods where only the probe emitters 366, 368, and 
369 are on and the reference arc 120 is localized during periods when only 
the emitters A1-A5 on the reference arc are on. Fig. 5 shows an example 
where the patterns of both the emitters on the reference arc 120 and the 
probe 100 are close in phase and Fig. 6 show an example where the patterns 
of both the emitters on the reference arc 120 and the probe 100 are out of 
phase. During periods when both the emitters on the probe and on the arc 
are off, the digitizer 1 14 may turn on emitters on a third device, such as 
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another probe to detect the position of the third device. For example, in Fig. 6 
during the no localization period when both the emitters on the probe and arc 
are off, the digitizer 1 14 may initiate LEDs to light on a third structure. 

The pattern lighting registration system of the present invention may be 
used in connection with any type of image guided surgery system including 
those described in U.S. Patent No. 5,383,454 to Bucholz ; PCT Application 
No. PCT/US94/04530 (Publication No. WO 94/24933) to Bucholz : and PCT 
Application No. PCT/US95/12984 (Publication No. WO 96/11624) to Bucholz 

In another embodiment, the emitters on either the probe or the 
reference arc are replaced with reflectors that reflect light emitted from an 
external source, such as the digitizer unit. In this case either the probe or 
reference arc with reflectors will be localized during the A1-A5 cycles. 

Systems and methods consistent with the present invention allow for a 
probe or reference arc used in image guided surgery to be continuously and 
easily monitored without the surgeon having to repeatedly initiate the 
monitoring or having the surgical instruments cabled. This is achieved by 
placing emitters on the probe 100 or reference arc 120 that light in an ordered 
pattern 400 recognized by a processor so that the processing system knows 
the times at which the emitters will be activated. 

The foregoing description is presented for purposes of illustration and 
description. It is not intended to be exhaustive or to limit the invention to the 
precise form disclosed, and modifications and variations are possible in light 
of the above teachings or may be acquired from practice of the invention. 
The embodiments were chosen and described in order to explain the 
principles of the invention and its practical application to enable one skilled in 
the art to utilize the invention in various embodiments and with various 
modifications as are suited to the particular use contemplated. The scope of 
the invention is defined by the following claims and their equivalents. 
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Claims 

1 . A system for indicating a position of an object during surgery using 
a device to determine a position of the object based on received radiation 
from said object, said system comprising: 

a first set of emitters positioned on a first structure; 

a second set of emitters positioned on a second structure; 

an activating circuit in the second structure for causing each of the 
second set of emitters to turn on and off in a predetermined sequence to 
produce a first ordered pattern; 

a detector for detecting radiation from the first and second set of 
emitters; and 

a processor configured to: 

a) recognize the ordered pattern output by the second set of 
emitters based on the radiation detected by the detector; and 

b) instruct the first set of emitters to turn on and off in a second 
ordered pattern that limits overlap with the first ordered pattern, whereby a 
position of the first and second structure may be determined based on 
detected radiation. 

2. The system according to claim 1 wherein said processor includes a 
first clock running at a first frequency and the second structure includes a 
second clock running at said first frequency. 

3. The system according to claim 1 wherein said processor includes a 
first clock running at a first frequency and the second structure includes a 
second clock running at a multiple of said first frequency. 

4. The system according to claim 2 further including means for 
synchronizing the second clock to the first clock based on the recognized 
pattern. 
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5. The system according to claim 1 wherein the second set of emitters 
comprises at least two emitters and further includes: 

means for generating a pattern of radiation that includes sequentially 
enabling one emitter of said at least two emitters for a first period of time, 
enabling another emitter of said at least two emitters for a second period of 
time, disenabling both emitters for a third period of time, and enabling first set 
of emitters emit radiation during said third period of time. 

6. The system according to claim 5 wherein said second structure 
includes a second clock and said processor includes a first clock and wherein 
said processor is further configured to: 

sample radiation readings from said detector at a sampling rate more 
than the first and second periods of time; and 

synchronize the first clock to the second clock. 

7. The system according to claim 1 further including: 

reference points means in fixed relation to the body part of the patient, 
wherein said first structure is in fixed relation to the reference points means; 

a memory storing images of the body part, said images including 
reference images corresponding to the reference points means; 

wherein said processor is further configured to 

determine the position of the second structure relative to the first 
structure based on radiation detected from the first and second set of 
emitters; 

measure the position of the reference points means relative to 
the first structure thereby determining the position of the second structure 
relative to the reference points means; 

translate the determined position of the second structure into a 
coordinate system corresponding to the images of the object; and 

means for displaying an image of the body part which corresponds to 
the translated position of the second structure. 
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8. The system according to claim 1 wherein the second structure 
further includes: 

a switch for disabling the second set of emitters. 

9. A method for indicating a position of a surgical instrument 
comprising the steps of: 

emitting radiation using a first set of emitters positioned on a first 
structure; 

emitting radiation from a second set of emitters positioned on a second 
structure in an ordered pattern; 

detecting radiation from the first and second set of emitters; and 

recognizing the ordered pattern output by the second set of emitters 
based on the radiation detected; and 

activating the first set of emitters during times that the second set of 
emitters are inactive, whereby a position of the first and second structure may 
be determined based on detected radiation. 

10. The method according to claim 9 wherein the second set of 
emitters includes at least two emitters, said method further including the steps 
of: 

generating a pattern of radiation that includes sequentially enabling 
one emitter of said at least two emitters for a first period of time, enabling a 
second emitter of the at least two emitters for a second period of time and 
disenabling both emitters for a third period of time, whereby said first set of 
emitters radiate during the third period of time. 
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11. The method according to claim 9 further including the steps of: 
determining the position of the second structure relative to the first 

structure based on radiation detected from the first and second set of 
emitters; 

measuring the position of reference points on the body part relative to 
the first structure thereby determining the position of the second structure 
relative to the reference points means; 

translating the determined position of the second structure into a 
coordinate system corresponding to images of the object stored in a memory, 
said images including reference images corresponding to the reference 
points; and 

displaying an image of the body part which corresponds to the 
translated position of the second structure. 

12. A probe for use with a image guiding surgical system, the probe 
comprising: 

a probe body; 

at least two emitters positioned on said probe body; and 
an activating circuit positioned in the probe body for causing the 
emitters to radiate in an ordered pattern. 

13. The probe according to claim 12 wherein the activating circuit 
includes means for sequentially enabling one emitter of said at least two 
emitters for a first period of time, enabling another emitter of said at least two 
emitters for a second period of time and disenabling both emitters for a third 
period of time. 

14. The probe according to claim 12 further including: 

a battery for powering the emitters and activating circuit thereby 
allowing for a wireless probe. 
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15. The probe according to claim 12 further including: 
a switch for disabling the emitters. 

16. A reference structure for use with a image guiding surgical system, 
the reference structure comprising: 

a body; 

at least three emitters positioned on said body; and 
an activating circuit positioned in the body for causing the emitters to 
radiate in an ordered pattern. 

17. The reference structure according to claim 16 wherein the 
activating circuit includes means for sequentially enabling one emitter of said 
at least three emitters for a first period of time, enabling another emitter of 
said at least three emitters for a second period of time and disenabling both 
emitters for a third period of time. 

18. The reference structure according to claim 16 further including: 
a battery for powering the emitters and activating circuit thereby 

allowing for a wireless reference structure. 

19. The reference structure according to claim 16 further including: 
a switch for disabling the emitters. 

20. A system for indicating a position of an object during surgery using 
a device to determine a position of the object based on received radiation 
from said object, said system comprising: 

a first set of emitters positioned on a first structure; 

an activating circuit positioned in the first structure for causing each of 
the first set of emitters to turn on and off in a predetermined sequence to 
produce a first ordered pattern; 

a second set of emitters positioned on a second structure; 
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an activating circuit positioned in the second structure for causing each 
of the second set of emitters to turn on and off in a predetermined sequence 
to produce a second ordered pattern, said second ordered pattern being 
different than said first ordered pattern; 

a detector for detecting radiation from the first and second set of 
emitters; and 

a processor configured to recognize the first and second ordered 
pattern output by the first and second set of emitters based on the radiation 
detected by the detector, whereby a position of the first and second structure 
may be determined based on detected radiation. 

21 . The system according to claim 20 wherein the second ordered 
pattern has a period one-half of a period of the first ordered pattern 

22. A system for indicating a position of an object during surgery using 
a device to determine a position of the object based on received radiation 
from said object, said system comprising: 

a first structure; 
a light source; 

a set of reflectors positioned on said first structure; 
a second structure; 

a set of emitters positioned on said second structure; 

an activating circuit positioned in the second structure for causing the 
set of emitters to output radiation in a predetermined sequence to produce a 
first ordered pattern; 

a detector for detecting radiation from the set of reflectors and the set 
of emitters; and 

a processor configured to: 

a) recognize the ordered pattern output by the set of emitters 
based on the radiation detected by the detector; and 

b) instruct a light source to light the set of reflectors in a second 
ordered pattern that limits overlap with the first ordered pattern, whereby a 
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position of the first and second structure may be determined based on 
20 detected radiation. 

23. A system for indicating a position of an object during surgery using 
a device to determine a position of the object based on received radiation 
from said object, said system comprising: 

a first structure; 

5 a set of processor controlled emitters positioned on said first structure; 

a light source; 
a second structure; 

a set of reflectors positioned on said second structure; 
a detector for detecting radiation from the set of reflectors and the set 
10 of emitters; and 

a processor configured to: 

a) recognize the geometric pattern based on the radiation 
detected by the detector on the second structure; and 

b) instruct the set of emitters to turn on and off in a first ordered 
15 pattern that limits overlap with the light source detection of the second 

structure, whereby a position of the first and second structure may be 
determined based on detected radiation. 

24. A system for indicating a position of an object during surgery using 
a device to determine a position of the object based on received radiation 
from said object, said system comprising: 

a set of emitters positioned on an object; 
5 an activating circuit positioned in the object for causing each of the 

emitters to turn on and off in a predetermined sequence to produce an 
ordered pattern; 

a detector for detecting radiation from the set of emitters; and 
a processor configured to recognize the ordered pattern output by the 
10 set of emitters based on the radiation detected by the detector, whereby a 

position of the object may be determined based on detected radiation. 
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25. The system according to claim 24 wherein the object is a probe. 

26. The system according to claim 24 wherein the object is a 
reference structure. 



WO 99/33406 



PCT/US98/27841 



1 /6 




SUBSTITUTE SHEET (RULE 26) 



WO 99/33406 



PCT/US98/2784I 



2/6 



362- 



-4- -4- 370 



r- BATTERY 



+5V 



— 

J 




10 


9 8 


7 6 5 4 


3 2 1 


vss 


vdd 




0SC2 0SC1 






68HC705J2CS 








PA2 PA1 


PAO IRQ RESET 


11 


12 13 


14 15 16 17 


18 19 20 



+5V 



JWL 



2N222 




I' 

LED 369 



+5V 



JWL 



JWL 



FIG. 2 



+5V 



2N222 




-*T 1" 

LED 366 



+5V 

J 

2N222 




-H>| 1 1. 

LED 368 



SUBSTITUTE SHEET (RULE 26) 



WO 99/33406 



PCT/US98/27841 



3/6 



Q 

O 
cc 



< 

NJ 
-J 

o 



J 



CO 



Q 
O 
DC 



O 
OC 
X 

o 
>- 

CO 



LL. 

o 



O 

o 
o 

CC 



M 
I 



CO 



CD 

o 



CO 
CO 



GO 
CO 



CO 
CO 
CO 



o 

CO 



CO 



CO 
CO 



CO 



co 

CO 



CO 



CO 



CO 
CO 



5 



CO 
UJ 

CC 
LU 
CO 

I 

ZD 
Q- 

CO 
LU 

r^J 

O 
CC 

o 



LU 

CO 



O 
LU 
J— 
LU 
Q 

O 



CO 
CO 

. CO 



CO CD 
CO CO 
CO CO 



CM CO to CO r^- 

*— J— H- I — h- h- 

/ 



CO 

u: 



CM 

LU \ 



o 

CsJ 



o 

I 

CO 



LO 



CO 



lo 



I 



CC 
LU 
M 

CD 
Q 



SUBSTITUTE SHEET (RULE 26) 



WO 99/33406 



PCT/US98/27841 



4/6 



PROBE 100 
EXECUTES 
PATTERN 400 



I 



r 



500 



DIGITIZER 114 DETECTS 
RADIATION FROM 
PROBE EMITTERS 40 



I 



510 



DIGITIZER 114 
RECOGNIZES 
PATTERN 



520 



DIGITIZER 114 
SYNCRONIZES 
PULSE RATES 



I 



530 



LOCALIZE PROBE EMITTERS 
40 IN PERIODS WHEN LIGHT 
IS EXPECTED FROM 
PROBE EMITTERS 40 



I 



540 



DIGITIZER 114 ACTIVATES 
LIGHT EMITTERS A1-A5 OF 
REFERENCE ARC 120 DURING 

TIMES LIGHT FROM PROBE 
EMITTERS 40 IS NOT EXPECTED 



550 



LOCALIZE REFERENCE ARC 
EMITTERS 120 IN PERIODS 
LIGHT EXPECTED FROM 
EMITTERS 120 



560 



CALCULATE POSITION 
OF PROBE 100 AND 
REFERENCE ARC120 



570 



FIG. 4 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WO 99/33406 



PCTAJS98/27841 



6/6 




<t to 
<C cvj 



CO 
CD 
CO 

CO 
CD 
CO 



<C co 



oc 

LU 

rsj 
t: 
CD 
Q 



<C CO 

<C co 

<£ CM 



O 
OC 

UJ oc 

O LU 

LU 
OC 



cr> 

8 



oo 

CD 
CO 



CD 
CD 
CO 



CD 
CO 



oo 

CD 

CO 



CO 
CD 
CO 



CO 
OC 



CD 

o 

OC 
CL. 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 


In) dona) Application No 
PPT/IIS Qfi/77ftd1 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61B19/00 




According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 A61B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 95 25475 A (ELEKTA INSTR AB ;HAAKANSSON 
HAAKAN (SE)) 28 September 1995 
(1n particular: ill. 5 on pages 2 and 5) 
see the whole document 



US 5 622 170 A (SCHULZ WALDEAN A) 
22 April 1997 

see column 5, line 30 - column 6, line 9 
see column 7, line 1 - column 9, line 17; 
claims; figures 

WO 96 11624 A (BUCHOLZ RICHARD D ;BASS 

DANIEL (US); FOLEY KEVIN T (US); POPE 

TODD) 25 April 1996 

cited in the application 

see page 29, line 15 - page 32, line 2; 

figures 



12-19, 
24-26 

1,7,9, 
22,23 

12-19, 
24-26 

1,7,9,20 



12-19, 
24-26 



1,7,9,22 



Further documents are listed in the continuation of box C. 



[X*] Patent family 



members are listed in annex. 



• Special categories of cited documents : 

'A- document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

1" document which may throw doubts on priority daim(s)or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

P- document published prior to the international filing date but 
later than the priority date claimed 



T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent family 



Date of the actual completion of the international search 

5 March 1999 


Date of mailing of the international search report 

12/03/1999 


Name and mailing address of the ISA 

European Patent Office, P.B. 581 8 Patentlaan 2 
NL - 2280 HV Rljswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

Manschot, J 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



In tlona) Application No 

PCT/US 98/27841 



C(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DE 42 25 112 C (BODENSEEWERK GERAETETECH) 
9 December 1993 

see column 2, line 40 - line 51 

see column 3, line 11 - column 5, line 5; 

claims; figures 1,2 



WO 94 24933 A (UNIV ST LOUIS) 

10 November 1994 

cited 1n the application 

see page 16, paragraph 3 - page 19, 

paragraph 1; figures 4-8 



12-19, 
24-26 



1,7,9,20 

1,7,9, 
12,16,22 



Foim PCT/lSA/210 (continuation of second stwet) (July 1992) 



page 2 of 



2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



trv Uonai Application No 

PCT/US 98/27841 



Patent document 




Publication* 


Patent family 




Publication 


cited in search report 




date 




members) 




data 


WO 9525475 


A 


28-09-1995 


CP 
tr 


0738129 A 


?1-lO-1QQfi 










9400987 


A 


CO U7 1770 


US 5622170 


A 


22-04-1997 


IK 


5383454 


A 


24-01 -1QOK 

C*t 111 1770 








Al 1 
AU 


6666894 


A 


no_i i_i ood 

wo 11 177H 








PA 
LA 


2161126 


A 


97-1 0—1004 

CI i\l 177H 








TP 
tr 


0700269 


A 


1 1— 01— 1QQR 
lO UO 1770 








T 1 

XL 


109385 


A 


1 0-01-1 QQfi 

1U UO 1770 








IP 
Or 


8509144 


T 


01-IO-IQQfi 
Ul 11/ 1770 








WU 


9423647 


A 


97-10-1004 
CI 1U 177H 








ZA 


9402812 


A 


CC 11 1770 








AU 


8876391 


A 


20-05-1992 








LA 


2094251 


A,C 


20-04-1992 








Ut 


9117261 


U 


UO UO 1?30 








CO 


0553246 


A 


UH UO 1?7J 








SE 


9301262 


A 


1B-flA-1 QQ1 

lO UO 1770 








WO 


9206645 


A 


30-04-1992 








us 


5851183 


A 


22-12-1995 


WO 9611624 


A 


25-04-1996 


AU 


3950595 


A 


06-05-1996 








CA 


2201877 


A 


9C-fl/|-1 OQA 

£D-UH-iyyo 








np 

DE 


29521895 


U 


1 H— HQ— 1 OOQ 

jtu uy lyyo 








EP 


0869745 


A 


1 A— 1 OOQ 


DE 4225112 


C 


09-12-1993 


NONE 








WO 9424933 


A 


10-11-1994 


All 


6818694 


A 


21-11-1994 








CA 


2161430 


A 


10-11-1994 








DE 


9422172 


U 


06-08-1998 








EP 


0699050 A 


06-03-1996 








US 


5871445 A 


16-02-1999 



Form PCT71SA/210 (patent tamSy annex) (July 1992) 



